By using a Langendorff-perfused ring of anisotropic rabbit epicardium, sustained reentrant ventricular tachycardia with a cycle length of 168±13 msec (n=26) was induced by programmed electrical stimulation. Continuous left ventricular epicardial mapping with 256 simultaneously recorded unipolar electrograms demonstrated that the tachycardia was based on circuital movement of the impulse around a fixed obstacle. Because of the anisotropic properties of the myocardium, the circuit consisted of a ring with segments in which the circulating wave propagated slowly (2092 cm/sec) or faster (62+±4 cm/sec). This was related to transverse or longitudinal propagation in relation to fiber direction. In six of 26 experiments, sudden acceleration in rate of the tachycardia was observed during programmed electrical stimulation. This acceleration was caused by the occurrence of double-wave reentry (two successive waves traveling in the same direction and using the same circuit). In one of the experiments, induction of double-wave reentry was only possible at basal conditions but not after the administration of a class III antiarrhythmic drug. In a seventh experiment, induction of double-wave reentry became possible after the administration of a class IC antiarrhythmic drug. Because conduction velocity around the ring was depressed during acceleration, the total revolution time of the circuit during double-wave reentry was about 120%, of that during single-wave reentry. Ventricular tachycardias in which double-wave reentry could be elicited had longer cycle lengths (197± 11 vs. 156± 8 msec, p<0.001) and larger excitable gaps (71± 16 vs. 28+5 msec, p<0.001) than those not showing this phenomenon. Double-wave reentry might have important clinical implications in understanding ventricular tachycardia acceleration during programmed electrical stimulation, proarrhythmic effects of drugs, and pathophysiology of rapid ventricular tachycardias. (Circulation 1990;81:1633-1643 A cceleration of ventricular tachycardia (VT) during programmed electrical stimulation (PES) is a common phenomenon. Waldecker et a1l reported that in 26% of patients with VT, PES accelerated the tachycardia. The mechanism of this VT acceleration is unclear. It can be argued that by PES, the impulse is blocked in part of the circuit and travels through another faster pathway, resulting in a change in cycle length of the VT. One can also argue that PES terminates the original circuit but at the same time starts another one. In that case, changes in VT rate are actually the expression of two different tachycardias. In both explanations, the circuitous pathway is different during the faster and the slower VT, and the morphology of the From the Departments of Physiology (tachycardia should be partly or totally different. Frequently, however, the morphology of the fast and the slow VT are similar, suggesting a different mechanism of acceleration. In the clinical situation, the underlying mechanism of acceleration of VT is difficult to assess. The use of extensive high-resolution mapping in a controlled experimental situation allows better definition of the mechanisms operating during cardiac arrhythmias. In this study, evidence is presented that double-wave reentry might act as a third possible mechanism leading to acceleration of VT.
By using a Langendorff-perfused ring of anisotropic rabbit epicardium, sustained reentrant ventricular tachycardia with a cycle length of 168±13 msec (n=26) was induced by programmed electrical stimulation. Continuous left ventricular epicardial mapping with 256 simultaneously recorded unipolar electrograms demonstrated that the tachycardia was based on circuital movement of the impulse around a fixed obstacle. Because of the anisotropic properties of the myocardium, the circuit consisted of a ring with segments in which the circulating wave propagated slowly (2092 cm/sec) or faster (62+±4 cm/sec). This was related to transverse or longitudinal propagation in relation to fiber direction. In six of 26 experiments, sudden acceleration in rate of the tachycardia was observed during programmed electrical stimulation. This acceleration was caused by the occurrence of double-wave reentry (two successive waves traveling in the same direction and using the same circuit). In one of the experiments, induction of double-wave reentry was only possible at basal conditions but not after the administration of a class III antiarrhythmic drug. In a seventh experiment, induction of double-wave reentry became possible after the administration of a class IC antiarrhythmic drug. Because conduction velocity around the ring was depressed during acceleration, the total revolution time of the circuit during double-wave reentry was about 120%, of that during single-wave reentry. Ventricular tachycardias in which double-wave reentry could be elicited had longer cycle lengths (197± 11 vs. 156± 8 msec, p<0.001) and larger excitable gaps (71± 16 vs. 28+5 msec, p<0.001) than those not showing this phenomenon. Double-wave reentry might have important clinical implications in understanding ventricular tachycardia acceleration during programmed electrical stimulation, proarrhythmic effects of drugs, and pathophysiology of rapid ventricular tachycardias. (Circulation 1990; 81:1633 -1643 A cceleration of ventricular tachycardia (VT) during programmed electrical stimulation (PES) is a common phenomenon. Waldecker et a1l reported that in 26% of patients with VT, PES accelerated the tachycardia. The mechanism of this VT acceleration is unclear. It can be argued that by PES, the impulse is blocked in part of the circuit and travels through another faster pathway, resulting in a change in cycle length of the VT. One can also argue that PES terminates the original circuit but at the same time starts another one. In that case, changes in VT rate are actually the expression of two different tachycardias. In both explanations, the circuitous pathway is different during the faster and the slower VT, and the morphology of the tachycardia should be partly or totally different. Frequently, however, the morphology of the fast and the slow VT are similar, suggesting a different mechanism of acceleration. In the clinical situation, the underlying mechanism of acceleration of VT is difficult to assess. The use of extensive high-resolution mapping in a controlled experimental situation allows better definition of the mechanisms operating during cardiac arrhythmias. In this study, evidence is presented that double-wave reentry might act as a third possible mechanism leading to acceleration of VT.
Methods
The experimental protocol followed the guiding principles of the American Physiological Society. Twenty-six Flemish rabbits of both sexes weighing 3.4-4.2 kg were used in the study. After heparinization (1,000 units i.v.), the rabbits were killed by cervical dislocation. The thorax was opened by a midsternal incision, and the heart was rapidly removed and placed in cold perfusion fluid (100 C).
The aorta was cannulated, and the heart was con-nected to a Langendorff perfusion system. The coronary arteries were perfused with a perfusion pressure of 50 mm Hg, resulting in a flow of 35-45 ml/min. The millimolar (mM) composition of the perfusion fluid was as follows: NaCI 130, NaHCO3 20.1, KCI 5.6, CaCl2 2.2, MgCl2 0.6, Na2HPO4 1.2, and glucose 12. The solution was saturated with a mixture of 95% 02 and 5% C02, pH was 7.35, and temperature was kept at 370 C. To obtain a layer of anisotropic left ventricular epicardium, using a previously described technique,2 the right ventricle and the endocardial and intramural layers of the left ventricle were destroyed by freezing.
Briefly, a cryoprobe was inserted through the pulmonary artery in the right ventricle, filled with liquid nitrogen (-192°C) , and maintained in place during 3 minutes. The Langendorff-perfused rabbit heart was then immersed in a tissue bath containing perfusion fluid at 300 C. The cryoprobe was installed in the left ventricular cavity through the left atrium, and the coronary circulation was temporarily interrupted.
The cryoprobe was filled with liquid nitrogen and maintained in place during 7 minutes. After this period, the coronary circulation was restored, the probe was removed, and the heart emerged from the bath. By using a staining technique with buffered 2,3,5 -triphenyltetrazolium chloride solution, we have previously demonstrated that as a result of this procedure, the total right ventricular wall, the interventricular septum, and the endocardial and intramural parts of the left ventricle were effectively destroyed, leaving intact only a thin (approximately 1-mm thick) left ventricular epicardial layer. We have also demonstrated that in this surviving epicardial layer, refractoriness and conduction velocity were not affected by the procedure and remained stable for many hours, suggesting the circulatory condition in the epicardial layer was adequate.2 Because epicardial breakthrough of longitudinal wave fronts in deeper layers was no longer possible, however, transverse conduction occurred over about twofold greater effective distance. In this thin layer of anisotropic epicardium, an obstacle was created by an epicardial cryoprobe applied at a distance of 10 mm, parallel to the left anterior descending coronary artery (LAD). This procedure produced an area of about 25 x 10 mm, where the surviving epicardial layer was destroyed with surviving epicardium around it. Thus, the final preparation consisted of a perfused anisotropic epicardial ring in the free wall of the left ventricle. The fiber direction was different in the various segments of the ring,3 resulting in slow transverse conduction in the narrow "corridor" between the LAD and the lesion, and fast longitudinal and oblique conduction in the rest of the left ventricle.
Pathological Studies
To verify the results of the freezing procedure, at the end of the experiment the hearts were cut in 2-mm-thick sections and stained with nitro blue tetrazolium.4 Nitro blue tetrazolium results in an intense blue staining in undamaged regions of the heart, whereas areas of injury appear as clearly delineated pale zones. Slices for microscopic analysis of fiber direction were obtained from the corridor between the LAD and the obstacle and in the left free wall, and treated with reticulum staining according to the Gordon and Sweet technique.5
Recording and Stimulation
For high-resolution mapping of epicardial excitation, a spoon-shaped electrode containing 256 individual electrodes at regular distances of 2.25 mm was used, allowing continuous simultaneous recording of 256 unipolar electrograms covering the whole left ventricular epicardium. The individual leads converged into a main cable and were connected to an amplification unit containing 256 differential amplifiers. After amplification and filtering (bandwidth, 1-400 Hz), the analog signals were sampled by multiplexers (1 kHz sampling rate) and AD converted into a single digital signal. The computer system used for storing and analysis of the activation map has been previously described in detail.6 Three bipolar reference electrodes were positioned around the obstacle in the apex, the base, and the free wall of the left ventricle. PES was performed with a programmable constant-current stimulator delivering square pulses of 2-msec duration at twofold diastolic threshold for regular stimulation and fourfold diastolic threshold for the induction of premature beats. The pacing protocol included measurement of the refractory periods before and after the endocardial freezing procedure at each one of the three reference electrodes. Refractory periods were measured using the extrastimulus technique. After 10 consecutive stimuli at 250 -msec intervals, a premature beat was introduced late in diastole with increasing degrees of prematurity until ventricular capture failed. Reentrant tachycardia was induced by one, two, or three extrastimuli after 10 basic driven beats at 250-msec intervals. Once VT was induced, one to seven stimuli at 150-, 140-, 130-, 120-, 110-, 100-, and 90-msec intervals were applied successively through each one of the three reference electrodes to study the response to PES within the reentrant pathway. If no acceleration of the tachycardia occurred, the pacing protocol was continued until pacing at all three sites was completed.
Definitions of conduction velocity measurements. Conduction velocity was calculated as the distance traveled normal to the isochrone per unit of time. Longitudinal conduction was defined as propagation of the wave front parallel to fiber direction, and it was measured at the base of the left ventricle (line A in Figure 2 ). Transverse conduction was defined as propagation of the impulse perpendicular to fiber direction, and it was measured at the corridor between the LAD and the obstacle (line B in Figure 2 ). 
Statistical Analysis
Analysis of variance was used to compare differences between groups, and the paired t test was used to compare differences within groups. Results are expressed as mean-'-SD. Ap value of less than 0.05 was considered statistically significant.
Results

Pathological Findings
The freezing procedure resulted in destruction of the endocardial and intramural layers of the left ventricle, the complete interventricular septum, and the right ventricle. Only a thin epicardial layer of 1.10.3 mm of the left ventricle survived. The transition between surviving and dead tissue was abrupt. Histological examination showed no islands of viable tissue in the destroyed parts of the myocardium and no dead fibers in the surviving epicardium. The application of the epicardial cryoprobe produced a complete transmural destruction of cardiac fibers in an area of (25±4)x(10±2) mm with surviving epicardium all around it (Figure 1 ). Microscopic examination showed that epicardial fibers run from the LAD into the left free wall, making a downward curve to the apex. In the corridor between the LAD and the obstacle, the fibers run transverse to the ring, whereas at the opposite side (free wall of the left ventricle), the fibers run nearly oblique to the ring. In Figure 2 , six different microscopic slices show the direction of fibers around the ring.
Electrophysiological Characteristics of Ventricular Tachycardia
Refractory periods were not significantly different before and after the freezing procedure in the base (153+8 vs. 151±10 msec), in the left free wall (145± 12 vs. 140±14 msec), or in the apex (156+9 vs. 152±+13 msec) of the left ventricle. In all experiments (n=26), PES induced regular monomorphical sustained VT. Epicardial mapping showed that in all hearts, the mechanism of VT was reentrant excitation around the obstacle. In different hearts, the cycle length of the VTs were in the range of 146-215 msec (168± 13 msec). During each experiment, the VT was very regular, and no variation in the VT cycle length was observed in any given heart. Interindividual variations in cycle length were dependent on differences in the size of the lesion, on conduction properties around the ring, and on the length of effective transverse conduction.
In parts of the circuit where the excitation wave propagated parallel to epicardial fiber direction (base of the left ventricle), conduction velocity was 62-4 cm/sec, whereas in the segment of the circuit where the excitation wave propagated perpendicular to the fibers (corridor between the LAD and the obstacle), conduction velocity was 20±2 cm/sec. VT was initiated when a premature stimulus was blocked in one direction around the obstacle and traveled slowly enough in the opposite direction to reexcite the area beyond the block. In Figure 3 , an example of initiation of VT by two premature stimuli is given. The last driven basic beat of a train of 10 consecutive 1636 Circulation Vol 81, No 5,  200Mm beats at 250-msec intervals (S1) as well as the first extrastimulus at a coupling interval of 130 msec (S2) were conducted both clockwise and counterclockwise around the obstacle. The two opposite waves collided at point 5. The second extrastimulus with a coupling interval of 115 msec (S3), however, was blocked in a counterclockwise direction between points 9 and 8. At the same time, it was conducted in a clockwise direction and arrived at points 8 and 9 late enough to find this area ready to be excited again. Once reentry did occur, the impulse continued to circulate in a clockwise direction, and VT with a cycle length of 191 msec was initiated. Spontaneous termination of VT was never observed; however, rapid pacing could terminate all episodes of VT.
Induction of Double-Wave Reentry
In six experiments in which the induced VT had relatively long cycle lengths (179, 191, 194, 198, 205 , and 215 msec, respectively), rapid pacing could not only terminate VT but, alternatively, also suddenly accelerate the VT. After acceleration, the cycle lengths of the VTs were shortened to 105, 108, 106, 109, 125, and 113 msec, respectively. Comparison of the VT cycle length of the 20 VTs that could not be accelerated (156+8 msec) and the six that did show acceleration (197±11 msec) yielded a statistically significant difference (p<0.001). The VTs accelerated by pacing were sustained and did not terminate spontaneously. Rapid pacing of the accelerated VT either terminated the tachycardia or transformed it back again into the initial slow VT. In Figure 4 showed that the direction of the activation wave was the same during the fast and the slow VT (clockwise in this heart). The main difference between the slow VT and the fast VT was that two points situated at different sites around the circuit were activated simultaneously during the fast VT. In Figure 5 , nine electrograms around the obstacle during the VT with a cycle length of 191 msec (left panel) and during the double-wave VT with a cycle length of 108 msec (right panel) are given. During the slow VT, the activation wave propagates in a clockwise direction around the obstacle, activating each point of the circuit at regular 191-msec intervals. During the fast VT, the activation wave follows the same direction (clockwise); however, each point of the circuit is activated at regular 108-msec intervals because two waves are now successively traveling around the circuit. At a given time (broken line), one single point of the circuit (point 7) is activated in the left panel, whereas two points located at opposite sites in the circuit (points 2 and 7) are activated in the right panel.
One could expect that during double-wave reentry, the cycle length of the fast VT would be 50% of the original one; however, this was not the case. From the activation maps, conduction velocities were measured at the corridor between the LAD and the obstacle (transverse conduction), and at the base of the left ventricle (longitudinal conduction). During the fast VTs, both longitudinal and transverse conductions were significantly slower than during singlewave reentry (longitudinal, 66±2 vs. 60±6 cm/sec, p <0.05; transverse, 22+4 vs. 19±3 cm/sec, p<0.05). This suggests that because of the decreased cycle length of the VT, during double-wave reentry, the impulse was propagating during the relative refractory period created by the after-depolarization wave. The associated decrease in conduction velocity explains that double-wave reentry was less than twofold the rate of the single-wave tachycardia. Specifically, the revolution time of the circuit during doublewave reentry was 105-123% of the revolution time of the circuit during single-wave reentry. Change From Singleto Double-Wave Reentry In Figure 6 , an example of the change of the slow VT (single-wave reentry, panel A) into the fast VT (double-wave reentry, panel F) by three premature beats is shown. In panel A, a stable VT induced by PES traveled around the obstacle in a counterclockwise direction, activating each point of the circuit at regular 215-msec intervals. In panel B, the first stimulus Si was given at the left part of the ring after an interval of 135 msec after passage of the head of the circulating impulse (time 0). At time 66, the induced clockwise wave front collided with the counterclockwise rotating wave of the tachycardia in the upper left corner of the ring. The first stimulus was conducted undisturbed in a counterclockwise direction, thus resetting the tachycardia. The second stimulus S2 (panel C) was given at time 91. Because of the high degree of prematurity, this impulse was now conducted more slowly in a clockwise direction and collided with the resetted beat at time 176. The counterclockwise conducted impulse again reset the tachycardia. The third stimulus S3 (panel D) was given at time 181 and was blocked in a clockwise direction close to the point of stimulation at time 231. Because of block close to the pacing site, it did not collide with the previous resetted beat that, at time 231, was still in the upper segment of the ring. Propagation of this wave was slow enough to find the 1640 Circulation Vol 81, No 5, May 1990 area of block excitable again when it arrived at time 340 (panel E). Consequently, the counterclockwise wave started by S2 was not extinguished by S3. At the same time, the third stimulus was also conducted in a counterclockwise direction, resetting again the circuit (panels D and E). Because both counterclockwise waves, one created by S2 and the other created by S3, were now traveling simultaneously in the same circuit and in the same direction, each point of the circuit was suddenly activated twice at regular 113-msec intervals (panel F).
Critical Excitable Gap for Inducing Double-Wave Reentry
In five of the experiments in which double-wave reentry could be induced, a complete reset curve was obtained. After each 10th consecutive VT beat, a single extrastimulus was induced with increasing degree of prematurity. The advancement of the next beat was caused by a reset of the circuit. The window of prematurity in which the VT could be captured was considered as the excitable gap of the VT. The VT was not terminated by applying single premature beats in any of these experiments. The measured excitable gaps of the tachycardias with cycle lengths of 179, 194, 198, 205 , and 215 were 45, 105, 61, 74, and 83 msec, respectively (37+9% of the VT cycle length). In the sixth experiment, comparison of the longest refractory period in the circuit with a VT cycle length of 191 msec yielded an estimated value of the excitable gap of 51 msec. In five other exper- iments in which double-wave reentry could not be obtained, the reset curve showed excitable gaps at 22-34 msec (28±5 msec, 18±2% of the VT cycle length). The absolute and the relative values of the excitable gap measured in the six VTs that presented double-wave reentry were statistically significantly longer than in the experiments in which double-wave reentry could not be induced (p<O.OOl).
Double-Wave Reentry After Antiarrhythmic Drugs
In Figure 7 (control panel) , the VT with a cycle length of 194 msec is shown (top tracing). In the middle tracing, the refractory period (dashed area, 89 msec) and the excitable gap (white area, 105 msec) are shown. Rapid pacing at 92-msec intervals (bottom tracing) induced double-wave reentry with a cycle length of 106 msec. During the single-wave VT, 0.3 ,umol/l of RP 62719 (an experimental class III antiarrhythmic drug) were administered ("After Class III Drug" panel). The VT cycle length was slightly prolonged to 195 msec (top tracing), whereas the refractory period was prolonged to 124 msec, and the excitable gap decreased to 71 msec (middle tracing). After the administration of the drug, rapid pacing could no longer induce double-wave reentry (bottom tracing). At the dose used, in the papillary muscle of the guinea pig, RP 62719 prolongs the action-potential duration by about 30% with a subsequent prolongation in the refractory period.7
In a seventh experiment, we could only induce double-wave reentry after administration of a class IC antiarrhythmic drug. During control, the induced VT had a cycle length of 158 msec; the longitudinal conduction velocity was 60 cm/sec, and the transverse conduction velocity was 21 cm/sec. After administration of 2 mg/l of barucainide (an experimental class IC drug), the cycle length of the VT gradually increased to 260 msec, and the longitudinal and the transverse conduction velocities decreased to 35 and 12 cm/sec, respectively. After VT slowed down to a cycle length of 260 msec, rapid pacing suddenly accelerated the VT to a cycle length of 154 msec. Epicardial mapping showed that similar to the six experiments previously described, the mechanism of this acceleration was double-wave reentry. In a previous study, we demonstrated that during reentrant VT, the administration of 2 mg/I barucainide significantly decreased longitudinal and transverse conduction velocities by 44% and 40%, respectively.8 proper moment allowed the wave that traveled in the opposite direction to continue its course around the ring. This could result in a continuous circuital movement of the impulse around the ring. In 1914, Garrey10 showed that when a ring was cut from the base of fibrillating ventricles of loggerhead turtles, "the inco-ordinated fibrillary contractions resolved themselves into a number of contraction waves which followed each other successively and repeatedly around and around the ring, all progressing in the same direction."
Despite multiple experimental models of reentrant arrhythmias developed since the works of Mayer and Garrey, until the present time, the occurrence of sustained reentry by more than one wave traveling simultaneously in the same circuit has not been documented. Our present knowledge of anisotropic conduction"11,2 suggests that very slow conduction in part of a circuit might provide relatively small circuits of reentrant excitation at long revolution times with a relatively large excitable gap. Such substrates can provide the appropriate conditions for double-wave reentry. In our model, the application of an external cryoprobe created a controlled transmural obstacle surrounded by a thin ring of intact epicardium. Our preparation mimicked the experimental models of Mayer and Garrey with excitation propagating slowly in a ring of tissue. The main difference in our model was the nonuniform distribution of conduction velocities in different parts of the ring based on the anisotropic structure of the epicardium. Sustained single-wave reentry around the obstacle could be easily induced by PES in this ring of epicardium. In areas where transverse conduction occurred, the conduction velocity was about threefold slower than in segments of the ring where impulse conduction was longitudinal to the fiber orientation. These results agree with those of Spach et al12 in canine ventricular muscle, Clerc13 in calf right ventricle, and Kleber et al14 in isolated porcine hearts.
Induction of double-wave reentry by PES was possible in six of 26 experiments, all showing tachycardias with a relatively long cycle length. The fact that double-wave reentry was induced in experiments with slower VTs was related to the presence of relatively long excitable gaps. For a second wave to fit in the circuit, enough time must be present between the end of the functional refractory period and the next activation wave to allow a second impulse to depolarize and repolarize each point of the ring before the next impulse arrives. In other words, the wavelength of the circulating wave should be equal to or shorter than half the perimeter of the ring. It is unlikely that such a phenomenon occurs in circuits not including an anatomic obstacle ("leading circle")'5 because, in this type of reentry, the propagation of the impulse is determined by the functional refractory period of cells, and the excitable gap of the circuit, if any, is too small to allow a second wave to enter the circuit. The experiments in which antiarrhythmic drugs were used to modify the characteris-tics of the circuit support these statements. During administration of a class III antiarrhythmic drug, the excitable gap of the VT decreased from 90 to 55 msec, and induction of double-wave reentry, possible before the drug administration, was no longer possible. The wavelength of the circulating impulse was prolonged, not allowing a second wave to enter the circuit. In the seventh experiment, double-wave reentry could only be possible after administration of a class IC antiarrhythmic drug. We did not measure the excitable gap before and after administration of the drug; however, it is likely that by decreasing conduction velocity (as proven during VT) with little modification of the refractory period, such a drug will result in prolongation of the excitable gap during reentrant tachycardia. In this case, the wavelength of the circulating impulse decreased, and a second wave could now enter the circuit.
In all seven experiments, the sum of two cycle lengths during double-wave reentry was greater than the cycle length during single-wave reentry. This suggests that in double-wave reentry, both excitation waves were traveling through functional refractory tissue with subsequent decrease of conduction velocity. This, however, was not sufficient to block one of the two circulating waves, and double-wave reentry continued.
Possible Clinical Implications
After myocardial infarction, zones of transmural necrosis combine with endocardial and epicardial layers of surviving tissue. 16 We have tried to mimic this situation in our experimental model although the structural and electrophysiological substrate after myocardial infarction is probably more complex than in our model. Often, induced VTs in patients after myocardial infarction have a relatively long cycle length because of very slow conduction in one segment of the circuit.'7 These tachycardias have been shown to possess a wide excitable gap.18 Under these circumstances, it is theoretically possible that properly timed extrastimuli or spontaneous premature beats might induce double-wave reentry, leading to sudden acceleration of VT. This situation should be suspected if sudden acceleration of the VT occurs after timed premature beats, the cycle length of the fast VT being about 10% longer than half the cycle length of the initial VT although the morphology of the VT remains the same. This last condition does not have to be necessarily true because the acceleration of the VT might produce rate-dependent block somewhere in the ventricles outside the circuit. If this happens, the circuit stays the same but the morphology of the QRS complex can change.
Another important possible clinical implication is derived from the observation of double-wave reentry after administration of a class I antiarrhythmic drug. Proarrhythmic effects are well known for class I antiarrhythmic drugs.'9 One of the criteria for proarrhythmia is acceleration of VT rate after administration of the drug.20 If, as suggested by our experiments, these drugs enlarge the excitable gap of VT, they might promote the possible occurrence of double-wave reentry. Sudden acceleration of the VT might lead to very high ventricular rates, similar to ventricular flutter, and a high chance of degeneration into ventricular fibrillation. The role of double-wave reentry in causing clinical VT acceleration, the proarrhythmic effects of drugs, and the transformation of VT into ventricular flutter and fibrillation deserves further careful evaluation.
